Purpose: Fetuin-A is a hepatokine that is linked to lipid metabolism, obesity, insulin resistance, type 2 diabetes and cardiovascular disease. Elevated thyroid-stimulating hormone (TSH) levels are associated with metabolic and cardiovascular disturbances. Our aim was to determine if TSH can regulate fetuin-A levels.
Subclinical hypothyroidism or mild thyroid gland failure results in a compensatory increase in the level of thyroidstimulating hormone (TSH) that maintains normal thyroid hormone levels; however, this increase is associated with an elevated risk of cardiovascular disease (CVD) in longitudinal and cross-sectional population studies [1] . e pathophysiological mechanism responsible for this association is not known. Several metabolic and in ammatory CVD biomarker levels are raised in patients with subclinical hypothyroidism, including free fatty acids (FFA), interleukin 6 (IL-6), Creactive protein and retinol binding protein 4 [2] [3] [4] . Adipocytes are capable of producing these pro-atherogenic molecules, and adipocytes also express TSH receptors [5] ; therefore, these alterations may emanate from the action of high levels of TSH on extra-thyroidal cells such as adipocytes [6] .
In vi o acute e ects of high TSH levels can be investigated in the context of surveillance of thyroid cancer recurrence. Patients who have had thyroidectomies followed by radioablation for thyroid cancer are chronically treated with thyroid hormone. Some of them undergo recombinant human TSH (rhTSH) stimulation with subsequent measurement of thyroglobulin levels; a sensitive indicator of thyroid cancer recurrence. With this protocol, baseline bloodwork is obtained, followed by administration of rhTSH (0.9 mg i.m. x 2 daily doses) with serial blood sampling for thyroglobulin over 5 days. Using this particular experimental paradigm, rhTSH has been shown to increase serum levels of IL-6 and FFA in vi o [7, 8] , and to increase IL-6, TNFα, lipoperoxide and leptin levels [9, 10] .
Of these rhTSH-stimulated parameters, FFAs remain somewhat controversial with respect to their pro-in ammatory e ect. FFAs were reported to bind and stimulate toll-like receptor 4 (TLR4) receptors, in monocytes/macrophages and adipocytes, and thus to activate in ammatory gene expression, [11] ; however, subsequent studies did not nd evidence of a direct ligand interaction between FFA and TLR4 [12] . Alternate mechanisms of FFA action have been invoked, such as reorganization of lipid ra s [13] , or modulation of ceramide synthesis [14, 15] , which may regulate the in ammatory state.
An entirely novel mechanism was recently proposed in which FFAs do engage TLR4 receptors, but only in the presence of fetuin-A. Fetuin-A is a hepatic glycoprotein, and it was shown, in mice, to play an adaptor role by binding FFAs and then interacting with TLR4 to stimulate pro-in ammatory signaling [16] . Fetuin-A levels are elevated in human obesity and diabetes, as are FFA levels [17] . Elevated fetuin-A, together with FFA, would be expected to induce a proin ammatory state. Since hepatocytes express TSH receptors [18] , we hypothesized that rhTSH raises serum fetuin-A levels, given the elevation in FFA we have previously reported caused by rhTSH [8] .
Methods

Patients and blood sampling
Twenty-six participants (19 women and 7 men), who had previously undergone thyroidectomy followed by radioablative iodine therapy for thyroid cancer (approved by the Ottawa Hospital Research Ethics Board, protocol #2006558), were recruited for this study. eir age was 49±10years and their body mass index (BMI) was 28±6 (both expressed as mean±SD). None had evidence of metastatic disease and they were otherwise healthy. In the context of routine surveillance for thyroid cancer recurrence, the patients received two separate intramuscular doses of rhTSH (0.9 mg), administered 24 hours apart on days 1 and 2, without discontinuation of ongoing L-thyroxine therapy. Morning blood samples were obtained on days 1 (prior to the rst dose of rhTSH), 3 and 5. Separate aliquots of blood from 19 of these patients had been used previously to assess FFA levels [8] . Fetuin-A was measured using the Human Fetuin-A uantikine ELISA kit (R&D Systems), as per manufacturer's instructions. TSH and free thyroxine were measured in the clinical service laboratory by AutoIA (Abbott Dxl®).
Statistical analysis
Data were analyzed by analysis of variance, followed by post hoc Newman-Keul tests for multiple comparisons, or by unpaired t-test, with P< 0.05 taken as signi cant. Pearson's regression and correlation analysis were performed using GraphPadInstat version 3.
Results
e baseline value of fetuin-A (mean±SD) for all participants was 527±186 mg/L. ere was no overall correlation (P=0.26) between baseline fetuin-A levels and age (see Fig. 1A ). ere was a trend of a positive correlation (r= 0.35, P=0.084) between fetuin-A and BMI that just missed signi cance (see Fig.  1B ). Fetuin-A values (mean±SD) in those (n=16) with a BMI<30 were 486±196 versus 618±141 in those (n=9) with a BMI≥30, indicative of the same trend of a higher fetuin-A level with a higher BMI (P=0.09).
e baseline value of fetuin-A (mean±SD) for the 19 females was 503±200 mg/L and 593±131 mg/L for the seven males. e di erence in the mean values of fetuin-A between females and males was not signi cant. In the female group, there was no correlation with age (P=0.49) or BMI (P=0.13) (Fig. 1C,D) . In the male group, there was a trend toward a negative correlation between fetuin-A and age that did not quite reach signi cance (r=-0.72, P=0.07; Fig 1E) and no correlation was observed with BMI (P=0.63; Fig. 1F ).
e e ect of rhTSH, administered on days 1 and 2, on fetuin-A levels was examined on days 3 and 5. Values of fetuin-A did not change in response to rhTSH administration (Fig.  2) . ere was no association of the fetuin-A response with age, gender, serum free thyroxine level or BMI. TSH levels (mU/L) rose from 0.5±1 at baseline to >100 by day 3 and then decreased to15±7by day 5.
Discussion
Fetuin-A has been implicated in a number of metabolic and in ammatory conditions, but there have been no reports on whether fetuin-A is in uenced by TSH. Within the context of rhTSH administration to thyroid cancer patients for surveillance of recurrence, there was no e ect on serum levels of fetuin-A.
Initial attention concerning fetuin-A arose from animal studies. In 1989, fetuin-A was cloned from rat liver and was characterized as an inhibitor of insulin resistance in muscle and liver [19] . Fetuin-A-null mice are protected from the obesity and insulin resistance that normally occurs with aging [20, 21] . fetuin-A and a number of metabolic disturbances such as obesity, insulin resistance and hepatic steatosis [22] . A predictive role for type 2 diabetes or myocardial infarction was reported in longitudinal analyses [23] [24] [25] ; however, the e ect of TSH on fetuin-A has not been examined. TSH has been shown to elicit pro-in ammatory factors when administered acutely in the context of surveillance for thyroid cancer recurrence. Increases in IL-6, TNFα, lipoperoxide, leptin and FFA have been observed [7] [8] [9] [10] . e fact that TSH receptors are expressed in adipocytes could account for some of these responses [5, 6] . Since hepatocytes also express TSH receptors [18] , and since FFA may work in concert with fetuin-A, serum levels of fetuin-A, a hepatokine linked to insulin resistance and cardiovascular disease, were examined to see if they would be altered by rhTSH stimulation. Despite the increase in TSH levels, which peaked at day 3 and decreased only slightly at day 5, fetuin-A levels did not change.Since our study design was constrained by the time points of blood sample collection set out by the clinical rhTSH protocol, an early and transient increase in fetuin-A before day 3, or a delayed response beyond day 5, might have occurred unobserved in response to rhTSH.
Although our study is limited with respect to the number of subjects, it was of interest to consider whether these patients on thyroxine therapy would show any distinct patterns of baseline fetuin-A levels with respect to gender, age or BMI. ere was no di erence in fetuin-A levels between men and women, consistent with other studies [23, 25, 26] . No correlation between fetuin-A and age was observed in the overall group, but in men alone, there was a trend of a negative correlation although this was not statistically signi cant. In a large community study, the association of fetuin-A with metabolic syndrome risks was dependent on age [27] . e trend we observed between fetuin-A and BMI has been observed as a clear correlation in other studies, and weight loss reduces fetuin-A levels [26] . Overall, fetuin-A levels in our subjects appear to be similar to those in other studies.
In summary, our data show that rhTSH administration does not a ect serum fetuin-A levels. It should be noted that this protocol acutely raises serum TSH to very high levels in the context of serum thyroxine levels, which remain in the upper normal or slightly elevated range as a result of ongoing thyroxine therapy for these patients who have undergone total thyroidectomy. In comparison, with subclinical hypothyroidism, the chronic elevation of TSH is milder in degree and serves to overcome the state of mild thyroid gland failure to maintain normal, but possibly suboptimal, thyroxine levels. It remains to be seen whether chronic exposure to elevated TSH levels in the context of subclinical hypothyroidism would alter fetuin-A levels.
